Purpose. To compare the length, thickness, and elasticity of the patellar tendon between operated and non-operated knees following closed wedge high tibial osteotomy (CWHTO). Methods. Three men and 17 women aged 52 to 75 (mean, 64.8) years who underwent unilateral CWHTO by a single surgeon and were followed up for a mean of 11 (range, 5-22) years were included, as were 3 male and 17 female healthy controls aged 35 to 61 (mean, 47.9) years. The length, thickness, and elasticity of the bilateral patellar tendons in the patients and healthy controls were measured using shear wave elastography. Results. In the CWHTO patients, the patellar tendon on the operated side was thicker (4.4 vs. 3.3 mm, p=0.001) and stiffer (74.1 vs. 47.7 kPa, p<0.001) than on the non-operated side. Conclusion. Patellar tendon contracture (thickening and stiffening) is associated with CWHTO.
introduction
Closed wedge high tibial osteotomy (CWHTO) is an effective treatment for isolated medial osteoarthrosis of the knee. 1, 2 Nonetheless, it may cause scarring and adhesion of the patellar tendon and decrease the distance between the tibial tuberosity and joint line and alter the patellar height and result in patella alta or patella infera with discomfort and patellofemoral pain. [3] [4] [5] [6] The Insall-Salvati index, 7 Blackburne-Peel Index, 8 and Caton index 9 are radiological measurements to determine the patellar height after CWHTO, but all are based on indirect measurement of the patellar and tibial reference points. 10 The patellar height ratio varies in different radiographic techniques, patient positions, and inter-and intra-observer variation. 10, 11 There is no consensus on the optimal patellar height and contracture of the patellar tendon length.
CWHTO decreases the height of the tibial insertion of the patellar tendon and shortens the tendon. 13 The shortening is associated with adherence of the tendon to the osteotomy site and fibrous scarring of the tendon and surrounding tissues. 4, 6 Shear wave elastography (SWE) is based on ultrasonography and provides good spatial and temporal resolution for measurement of the muscle and tendon mechanical response (elasticity) in vivo. [14] [15] [16] [17] [18] [19] [20] [21] We hypothesised that adherence and fibrous scarring of the patellar tendon caused tendon stiffness. This study compared the length, thickness, and elasticity of the patellar tendon between operated and nonoperated knees following CWHTO.
Materials and Methods
This study was approved by the ethics committee of our hospital and carried out in accordance with the Declaration of Helsinki. Written informed consent was obtained from each subject. Three men and 17 women aged 52 to 75 (mean, 64.8) years who underwent unilateral CWHTO by a single surgeon between 1990 and 2010 and were followed up for a mean of 11 (range, 5-22) years were included, as were 3 male and 17 female healthy controls aged 35 to 61 (mean, 47.9) years. Patients with gait disturbance, previous neurological disease, apparent leg circumference difference, and previous hip and/or foot disorder were excluded. The length, thickness, and elasticity of the bilateral patellar tendons were measured using SWE in the patients and healthy controls.
For CWHTO, the wedge was calculated according to the mechanical axis. The desired amount of overcorrection (additional 3º valgus to the normal mechanical axis) was added, and the thickness of the saw (1 mm) was extracted. The distal fibular segment was resected.
Postoperatively, isometric quadriceps exercises were allowed with angle-adjustable brace, and full range of motion was allowed with crutches or a walker. Partial weight bearing was allowed at 6 weeks provided that there was evidence of healing, and full weight bearing was allowed at 8 weeks.
SWE was performed by a single senior radiologist using a 15-4 MHz linear array transducer (Aixplorer; Super Sonic Imagine, Les Jardins de la Duranne, Aix en Provence, France) in a sagittal view. The length and thickness of the patellar tendon were measured with the knee flexed at 15º, whereas elasticity was measured with the knee in full extension. The length of the patellar tendon was measured from the distal patellar pole to the tibial tuberosity insertion, whereas thickness and elasticity was measured at the middle portion ( Figs. 1 and 2 ). To avoid a compression effect, the transducer was lightly placed onto the skin surface covered with gel, and elasticity was measured in kilopascals (kPa). Three separate SWE cine-loops, each lasting at least 10 seconds, were obtained. Another experienced radiologist measured the length, thickness, and elasticity of the patellar tendon from stored images.
According to the Kolmogorov-Smirnov test, the distribution of the numeric variables was not normal. Thus, comparisons were made using non-parametric Wilcoxon signed-rank test. A p value of <0.05 was considered statistically significant.
results
CWHTO patients and healthy controls were comparable in terms of body mass index. The left and right side of the healthy controls were comparable in terms of the length, thickness, and elasticity of the patellar tendon. In the CWHTO patients, the patellar tendon on the operated side was thicker (4.4±0.9 vs. 3.3±0.47 mm, p=0.001) and stiffer (74.1±24.7 vs. 47.7±15.3 kPa, p<0.001) than on the non-operated side (Table) .
discussion
Patellar tendon contracture (thickening and stiffening) is associated with CWHTO. 12, 22, 23 The contracture may be secondary to fibrous scarring in the tendon and surrounding tissues. 6 Patella alta may occur after CWHTO. 24, 25 The change in anatomy of the proximal tibia after CWHTO may affect movement in multiple planes during ambulation such as decreased knee adduction, flexion, and internal rotation. 26 Tendon stiffness may affect future surgical planning for total knee arthroplasty and may necessitate proximal quadriceps-plasty or distal tendino-osseous release. 13 This study had several limitations. The sample size was too small for correlation analysis or validation of the SWE. Inter-and intra-observer variation was not evaluated. Tendon stiffness at the bone-tendon interface could not be measured, because of artefacts caused by the osseous area. 
